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Background and Aim: The cause of most strokes is associated with the pathology of the carotid 
arteries. Many modern researchers suggest preventive surgery in the presence of arterial deformity 
to prevent strokes. The hemodynamic significance of carotid deformities is determined by 
morphological and functional disorders at the level of tortuosity, the reaction of cerebral blood flow 
is not often considered. Here, we assume that cerebral autoregulation in tortuosity can be different.

Methods and Materials/Patients: A total of 64 patients (31-75 years old) with 110 carotid deformities were 
analyzed. Duplex color mapping, computed tomography angiography of carotid arteries, and computed 
tomography perfusion were performed by estimating the absolute and average values   of cerebral blood flow 
(mL/100 g/min), cerebral blood volume (mL/100 g), Mean transit time (MTT) (s) in similar areas of the cortex. 
In 6 patients, the acetazolamide challenge test was used to evaluate the autoregulatory disturbances. 

Results: According to computed tomography angiography and duplex color mapping,  18(28.1%) 
patients had unilateral tortuosity, and 46(71.9%) patients had bilateral tortuo s ity. Hemodynamically 
significant deformities were detected in 33 cases (30% of tortuosity). In 54 cases (49% of tortuosity), 
the deformities were accompanied by carotid stenosis. Perfusion disorders were detected in 23 of 64 
patients (35.9%). In the majority of cases (75% of all perfusion disorders), hypoperfusion was diagnosed 
on the side corresponding to the maximum degree of stenosis, regardless of the location of the tortuosity. 
Neurologically significant hypoperfusion, compensated by collateral blood flow revealed only in 7.8% of 
cases of hemodynamic significant internal carotid artery deformity without concomitant atherosclerosis. 

Conclusion: The decision on surgical correction of carotid artery tortuosity should be made while 
considering both local changes in hemodynamics and proven violation s  of autoregulation of 
cerebral blood flow, especially in patients with concomitant carotid stenosis.
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1. Introduction

n the modern structure of morbidity and 
mortality, acute cerebrovascular acci-
dents occupy a leading position [1]. Up to 
80% of ischemic strokes occur against the 

background of atherosclerotic lesions of the brachio-
cephalic arteries [1, 2]. Therefore, the diagnosis and 
treatment of occlusive-stenotic diseases of the inter-
nal carotid arteries (ICA) have become an increasingly 
important issue in the last decade. Modern research-
ers consider pathological deformities of the carotid ar-
teries as one of the factors contributing to the devel-
opment of acute cerebral ischemia, although a clear 
relationship between these pathologies has not been 
proven yet [1, 3]. The hemodynamic significance of 
the ICA tortuosity is determined by the morphological 
features of the deformities and is confirmed when lo-
cal hemodynamic disorders are detected during a du-
plex study [1-3]. However, it remains unclear whether 
these local changes in the blood flow are important for 
the formation of cerebral perfusion deficit, which ulti-
mately affects the volume and prevalence of acute and 
chronic ischemic changes in the brain.

This paper assesses the hemodynamic significance of 
various types of tortuosity of the ICA, including against 
the background of atherosclerosis, according to com-

puted tomography (CT) angiography, and CT perfusion, 
to determine concomitant disorders of cerebral micro-
circulation.

2. Methods and Materials/Patients

From January 1, 2015, until December 31, 2021, a total 
of 64 patients (42 women, 22 men) in the age range of 
31 to 75 years were examined by a neurologist and a 
neurosurgeon. Pathological deformities of the ICA were 
revealed in 110 arteries. All patients underwent duplex 
color mapping of the brachiocephalic arteries with an 
examination by a neurologist and consultation with a 
neurosurgeon. In all patients, according to the prelimi-
nary examination, pathological deformities of one or 
both ICAs were diagnosed, often in combination with 
ICA stenosis of varying severity. The detection of patho-
logical deformity of the ICA became the basis for refer-
ring patients to a multimodal CT study, which included 
CT of the brain, CT angiography of the brachycephalic 
arteries, and CT perfusion of the brain for a compre-
hensive assessment of the hemodynamic significance 
of previously diagnosed tortuosity. The study was per-
formed on a 128-slice CT scanner Somatom Definition 
Flash (Siemens). A native CT scan of the brain was per-
formed with a slice reconstruction of 0.6 mm to assess 
the structure of the brain parenchyma and identify the 
volume and localization of postischemic gliotic changes.

I

Highlights 

• Hemodynamically significant carotid deformities can be an indication for surgery.

• The hemodynamic significance of carotid deformities is determined by disorders only at the level of tortuosity.

• In most cases, the brain perfusion showed the dependence of autoregulation disorders on concomitant athero-
sclerosis rather than on carotid deformity.

• The decision on surgical correction of carotid artery tortuosity should be made while considering both local chang-
es in hemodynamics and proven violations of autoregulation of cerebral blood flow.

Plain Language Summary 

The cause of most strokes is associated with the pathology of the carotid arteries. Tortuosity and looping of the 
carotid arteries are often examined to decide whether to operate. No clear understanding exists regarding the cause 
of deviation of normal carotid artery course. They may be congenital or because of atherosclerosis. The reason for 
the operation is determined only by local changes at the level of tortuosity. This study aims to investigate whether 
cerebral blood flow responds to carotid tortuosity in the neck and whether its disturbances come from the tortuosity 
or concomitant atherosclerosis. This will help to clarify the indications for surgery for tortuosity of the arteries of the 
neck and avoid unnecessary surgery.
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CT angiography of the brachiocephalic arteries was 
performed from the level of the aortic arch with the 
capture of the main vessels of the neck and the base 
of the arterial circle of the brain (circle of Willis) with a 
slice thickness of 4 mm, followed by reconstruction at 
0.6 mm, against the background of intravenous injec-
tion of 60 mL of an iodine-containing contrast agent 
at a rate of 4.5-5.5 mL/s, with a 2-s delay. During post-
processing, 2D maximum intensity projection (2 DMIP) 
and 3D reconstructions were obtained at the Leonardo 
workstation (Siemens), followed by the subtraction of 
bone structures for a more accurate assessment of the 
morphological features of the carotid arteries. The re-
vealed deformations were characterized according to 
the Weibel-fields classification as tortuosity (C- and S-
shaped) and looping. According to the CT angiography 
data, the authors considered looping (coiling) and C- 
and S-shaped deformities of the ICA with kinks or twists 
at an angle of fewer than 60 degrees (kinking) to be 
hemodynamically significant, with signs of an increase 
in the linear velocity of blood flow at the level of tor-
tuosity, according to the results of preliminary duplex 
scanning more than 170 cm/s [1, 3]. In the presence of 
concomitant stenosis of the ampullary part of the ICA, 
the degree of narrowing of the artery was determined 
according to the criteria of the European carotid surgery 
trial. More than 50% of stenoses were considered he-
modynamically significant [1].

CT perfusion of the brain was performed in a single 
block 8 cm thick, which made it possible to cover almost 
the entire volume of the brain, including the cerebral 
cortex and the stem structures. During CT perfusion, 35 
mL of iodine-containing contrast agent was injected at 
a rate of 5.5–6 mL/s with a 6-s delay. All CT perfusions 
were performed at systolic blood pressure not higher 
than 160 mmHg and stable heart rate. Post-processing 
of CT perfusion data was performed using the Neuro 
VPCT software (Siemens Healthineers). The main indica-
tors of perfusion were determined as follows: Cerebral 
blood flow (CBF), volumetric blood flow rate (mL/100 
g/min); cerebral blood volume (CBV): mL/100 g; Mean 
transit time (MTT): s. To quantify the CT perfusion data, 
we determined the absolute and Mean values of the 
main perfusion parameters in similar areas of the cortex 
of both cerebral hemispheres (768 areas in total) in the 
frontal, temporal, and parietal-occipital areas. When 
calculating CT perfusion parameters, focal white mat-
ter changes and postischemic cysts were not included 
in the measurements. Normal indicators of CT perfu-
sion were considered to be CBF of at least 39 mL/100 
g/min (average 55–65 mL/100 g/min), CBV of at least 

1.5 mL/100 g (normally 2-3 mL/100 g), MTT of no more 
than 6 s (normally 3-4.5 s), taking into account the data 
of the manufacturer and previous studies. A decrease in 
CBF to 39 mL/100 g/min or less in stable blood pressure 
was considered a neurologically significant perfusion 
deficiency; according to M. Wintermark et al., the pres-
ence of neurological focal symptoms was proved when 
CBF decreased below this value [4].

Six patients (9.4% of cases) with hemodynamically sig-
nificant deformity of the ICA underwent a study with a 
stress test (oral intake of acetazolamide) and repeated 
CT perfusion 2 h after taking the drug. A decrease in the 
average perfusion values in comparison with the initial 
data on the side of hypoperfusion was regarded as a 
manifestation of the “steal” syndrome (with a normal 
increase in CBF while taking acetazolamide by 15% to 
40%, which was considered a sign of intact autoregula-
tion of cerebral blood flow.

All studies were performed in low-dose adaptation 
mode as follows: For CT perfusion, scanning was per-
formed at 80 kV, 120 mAs. The total effective dose of 
multimodal CT for each patient was 8.5 mSv.

The data of all patients were used in statistical analysis 
to determine the correlation of the side of deformities 
and stenoses of the ICA, areas of hypoperfusion, and 
gliosis changes in the brain. The STATISTICA software, 
version 7.0 for Windows was used for statistical pro-
cessing (StatSoftInc., USA). The normality of data dis-
tribution was tested using the Shapiro-Wilk test. When 
comparing groups on qualitative grounds, the one-sided 
Fisher’s exact test and the Pearson Chi-square test were 
used. Differences were considered statistically signifi-
cant at P<0.05.

3. Results

According to the CT angiography, 64 patients were 
diagnosed with deformities of 110 arteries, of which 
18(28.1%) patients had unilateral tortuosity and 
46(71.9%) patients had bilateral tortuosity. Hemody-
namically significant deformities by duplex color map-
ping were detected in 33 cases (Figure 1) in 27 patients 
(30% of all deformities or 42% of patients), of which 6 
patients were bilateral (Figure 2). Unilateral kinking was 
diagnosed in 18 patients (in 42% of cases on the right) 
and unilateral coiling in 3 patients (in 33% of cases on 
the right). The proportion of different variants of crimp 
in the study group is shown in Figure 3.
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In 54 cases (49% of all detected tortuosity), the defor-
mities were accompanied by stenosis of the ampullary 
part of the ICA of varying degrees (from 35% to occlu-
sion). Hemodynamic significant stenoses (more than 
50%) were detected in 23 cases (42.6% of all stenoses), 
of which in 20 cases they were on the side of the ICA 
tortuosity and in 3 cases of patients with hemodynamic 
significant tortuosity (Figure 4). The distribution of arte-

rial deformities, concomitant stenoses of the ICA, and 
their localization are presented in Table 1.

During the study, perfusion disorders were detected in 
23(35.9%) out of 64 patients. Native CT revealed focal 
white matter changes of a vascular nature and postisch-
emic cysts with perifocal gliosis of various sizes in only 
14 patients (23.3% of cases). In the vast majority of cas-
es (75% of all perfusion disorders), hypoperfusion was 

 

A.  B.  C.  

Figure 1. Computed Tomography Angiography in Patients With Hemodynamically Significant ICA 

Tortuosity: A – Right ICA Kinking (Arrow), 2 DMIP, ICA Deformity at an Angle of 25 Degrees; B - The 

Same Patient, 3D, Tortuosity is Indicated by an Arrow; C - Loop-like Deformation (Coiling) of the Left 

ICA (Short Arrow) 

Abbreviations: ICA, internal carotid artery. 

 

A.  B.  

Figure 1. Computed tomography angiography in patients with hemodynamically significant ICA tortuosity 

A) Right ICA kinking (arrow), 2 DMIP, ICA deformity at an angle of 25 degrees; B) The same patient, 3D, tortuosity is indicated by an arrow; 
C) Loop-like deformation (coiling) of the left ICA (short arrow). ICA: Internal carotid artery.

 

A.  B.  C.  

Figure 1. Computed Tomography Angiography in Patients With Hemodynamically Significant ICA 

Tortuosity: A – Right ICA Kinking (Arrow), 2 DMIP, ICA Deformity at an Angle of 25 Degrees; B - The 

Same Patient, 3D, Tortuosity is Indicated by an Arrow; C - Loop-like Deformation (Coiling) of the Left 

ICA (Short Arrow) 

Abbreviations: ICA, internal carotid artery. 

 

A.  B.  

Figure 2. Computed tomography angiography in patients with bilateral hemodynamically significant tortuosity 

A) Coiling of the right ICA (short arrow), angular deformity of the left ICA in the supraampullary region at an angle of 16 degrees (arrow); B) 
Bilateral high tortuosity of the ICA at an angle of 15 to 28 degrees (arrows). 

ICA: Internal carotid artery.
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Kinking (N=27)

Coiling (N=6)

Hemodynamic non-
significant tortuosity
(N=77)

Figure 3. Distribution of variants of tortuosity in a group of 64 patients (n [arteries]=110)

Figure 4. Combination of pathological deformity and stenosis of the ampullar part of the ICA 

A) Computed tomography angiography, 3D reconstruction, coiling is indicated by an arrow; B) Stenosis of the ampullary part of the ICA on 
the same side with a 35% partially calcified stable plaque (short red arrow).

ICA: Internal carotid artery.
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diagnosed on the side corresponding to the maximum 
degree of ICA stenosis, regardless of the location of the 
tortuosity (Figure 5). The depth and extent of hypoper-
fusion depended on the degree of stenosis.

The zones of neurologically significant hypoperfusion 
were revealed (with a decrease in CBF to 32-35 mL/100 
g/min; CBV is symmetrical and reaches 2-2.5 mL/100 g; 

MTT up to 5-6s) in 5 patients (7.8% of all cases) with 
hemodynamic significant ICA deformity, but without 
concomitant stenosis (Figure 6). Focal changes in the 
density of the brain parenchyma were not diagnosed in 
these cases. The difference in the Mean CBV values for 
similar areas of the cerebral hemispheres in these pa-
tients did not exceed 2%, which indicates compensation 
for the perfusion deficit by collateral blood flow.

.  B.  C.  

D.  

Figure 4. Examination of a Patient With Pathological Deformity of the Left ICA at an Angle of Fewer 

Than 30 Degrees (Arrow) and 45% Ampullar Stenosis on the Left (Short Arrow) in Combination With a 

Hemodynamic Non-significant C-Shaped Bend of the Right ICA and 82% Stenosis on the Right (Red 

Arrow) 

 

Note: On CT perfusion in the cortex and white matter of the right hemisphere, corresponding to the side of 

maximum ICA stenosis, there is an extensive zone of perfusion deficiency (circled in an oval) with a 

Figure 5. Examination of a patient with pathological deformity of the left ICA at an angle of fewer than 30 degrees (arrow) and 45% ampul-
lar stenosis on the left (short arrow) in combination with a hemodynamic non-significant c-shaped bend of the right ICA and 82% stenosis 
on the right (red arrow)

A and B) 2DMIP CT angiography; C) 3D CT angiography; D) CT perfusion. 

Note: On CT perfusion in the cortex and white matter of the right hemisphere, corresponding to the side of maximum ICA stenosis, there 
is an extensive zone of perfusion deficiency (circled in an oval) with a decrease in cerebral blood flow to 30-39 mL/100 g/min, cerebral 
blood volume to 2 mL/100 g, mean transit time to 6 s. perfusion of the left hemisphere, corresponding to the kinking side of the left ICA, 
was unremarkable.

ICA: Internal carotid artery.
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Figure 6. Examination of a patient with pathological deformity of the right ICA at an angle of 125 degrees (arrow), and the left ICA at an 
angle of fewer than 60 degrees (red arrow); no stenoses of the brachiocephalic arteries were detected.

A) 3D CT Angiography; B) CT Perfusion.

Notes: CT perfusion showed an area of   perfusion deficiency in the left temporal lobe (circled in an oval) with a decrease in cerebral blood 
flow to 35–36 mL/100 g/min, cerebral blood volume to 2 mL/100 g, Mean transit time to 5.5s. 

ICA: Internal carotid artery.

 

 

 

 

 

 

 

 

 

 

 

A.  B.  

Figure 7. Examination of a patient with a pathological deformity of the left ICA at an angle of 70 degrees (arrow), stenosis of the ampullar 
region of the left ICA with a 52% calcified plaque according to European carotid surgery trial 

Notes: On CT perfusion, there is a perfusion deficit area (circled in an oval) in the left frontal lobe with a decrease in cerebral blood flow to 
20 mL/100 g/min, cerebral blood volume to 1.3 mL/100 g, Mean transit time to 6.3 s, corresponding to oligemia with signs of depletion of 
collateral blood flow.

A) 3D computed tomography angiography; B)Computed tomography perfusion.

ICA: Internal carotid artery.
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CT angiography revealed stenosis of the ampullar part 

of the ICA on the side of the tortuosity in 49 cases, the 
degree of stenosis ranged from 35% to 82% according to 
European carotid surgery trial. However, only 3 patients 
of this group with hemodynamic significant tortuosity 
(5.7% of all detected stenoses) had hypoperfusion in the 
ICA basin on the side of deformity with concomitant ICA 
stenosis of more than 50% (Figure 7).

At the same time, in 3 patients with various variants of 
hemodynamic significant tortuosity and stenosis of the 
opposite ICA, more than 50% hypoperfusion was found 
on the side of stenosis, rather than arterial deformity 

(Figure 8). As in other cases, the depth of hypoperfu-

sion varied depending on the degree of stenosis, the 
maximum decrease in CBF on the side of the deformity 
reached 46 mL/100 g/min, and the CBV values   were 
symmetrical, indicating active collateral blood flow.

The distribution of the perfusion deficits d epending 
on the hemodynamic significance of tortuo s ity and 
concomitant stenosis of the ICA is presented in Table 2. 
In the group of hemodynamically insignificant tortuos-
ity, 11 out of 12 cases of hypoperfusion corresponded 
to the side of ICA stenosis. In 6 patients with hemody-
namic significant deformity of the ICA,  the study was 

A.  B.  

C.  

Figure 7. Examination of a Patient With a Pathological Deformity of the Left ICA at an Angle of 95 

Degrees (Arrow), Stenosis of the Ampulla of the Right ICA With a 55% Calcified Plaque According to 

European Carotid Surgery Trial (Red Arrow) 

 

Notes: On CT perfusion, there is a perfusion deficit area (circled in an oval) in the left temporal lobe, 

corresponding to the side of maximum ICA stenosis, with a decrease in cerebral blood flow to 36 mL/100 

Figure 8. Examination of a patient with a pathological deformity of the left ICA at an angle of 95 degrees (arrow), stenosis of the ampulla 
of the right ICA with a 55% calcified plaque according to European carotid surgery trial (red arrow)

A) 3D computed tomography angiography; B) Computed tomography angiography, 2DMIP; C) Computed tomography perfusion.

Notes: On CT perfusion, there is a perfusion deficit area (circled in an oval) in the left temporal lobe, corresponding to the side of maximum 
ICA stenosis, with a decrease in cerebral blood flow to 36 mL/100 g/min, cerebral blood volume to 2.8 mL/100 g, mean transit time to 4.6 s. 

ICA: Internal carotid artery.
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A.  B.  

C.  

Figure 8. Examination of a Patient with S-Shaped Deformity of the Right ICA (Arrow) and Occlusion of 
the Contralateral ICA (Short Arrow); A – Computed Tomography Angiography, 3D Reconstruction 

Figure 9. Examination of a patient with s-shaped deformity of the right ICA (arrow) and occlusion of the contralateral ICA (Short arrow) 

A) Computed tomography angiography, 3D reconstruction; B) With computed tomography perfusion.

Notes: There is a perfusion deficit zone in the left temporo-parietal-occipital region (circled in an oval), corresponding to the side of ICA 
occlusion, with a decrease in cerebral blood flow to an average of 25-32 mL/100 g/min and cerebral blood volume to 1-1.5 mL/100 g.

ICA: Internal carotid artery.

Table 1. Distribution of detected ICA stenosis in combination with ICA deformities (n=110)

Types of Tortuosity

ICA Stenosis on the Side of 
the Tortuosity

(n=50)

Stenosis of Contralateral ICA
(n=3) ICA Without Stenosis

(n=57)
<50% >50% <50% >50%

Hemodynamic significant ICA tortu-
osity (n=33) 11 3 0 3 16

Hemodynamic non-significant 
tortuosity (n=77) 19 16 0 1 41

ICA: Internal carotid artery.
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performed with a stress test, while taking 1 g of acet-
azolamide orally, with repeated CT perfusion after 2 
h. In 3 patients out of this group, critical stenoses and 
occlusions of the contralateral ICA were diagnosed, the 
“steal” zones in these cases corresponded to the side of 
occlusions, not the pathological deformities (Figure 9).

4. Discussion

Cerebrovascular pathology remains one of the most 
common causes of death and disability both in the Rus-
sian Federation and worldwide. Stenosis and deformi-
ty of extracranial arteries play a significant role in the 
development of this disorder [1, 2]. Large randomized 
studies in recent years have proven the relationship be-
tween the degree of narrowing the ICA and the risk of 
ischemic stroke which gave rise to an increase in surgi-
cal activity in the treatment of patients with occlusive-
stenotic diseases of the carotid arteries [1, 2, 5].

However, if the effectiveness of surgical treatment of 
ICA stenoses is rarely questioned, the tactics of treat-
ing carotid artery deformities, especially the ones that 
are not accompanied by atherosclerosis, still raise sev-
eral questions. The prevalence of ICA deformities ranges 
from 12% to 43%, and among patients with symptoms 
of cerebral insufficiency, it is from 4% to 17% [1, 3]. It 
remains unclear whether ICA tortuosity is congenital or 
occurs in response to changes in local hemodynamics 
against the background of atherosclerosis [6]. Tortu-
osity detected in childhood and young age is a conse-
quence of a violation of the embryogenesis of the aortic 
arch and those diagnosed in old age and against the 
background of hypertension are acquired [3]. Most re-
searchers suggest that the disease has a multifactorial 
etiology as follows: Hypertension, atherosclerosis, con-
nective tissue dysplasia, and nonspecific aortoarteritis 

[6-9]. At the same time, according to DelCorso (1998), 
Ballota (2005), and Beigelman (2010), other deformi-
ties of the carotid arteries (kinking and coiling) occur 
in the population regardless of age, may not be associ-
ated with atherosclerotic lesions. Therefore, they must 
be surgically corrected in the presence of neurological 
symptoms (transient ischemic attack or history of isch-
emic stroke) [10-12]. The study by Saba and Mallarini 
(2010) on the example of 50 patients with ICA kinking 
or coiling proved the existence of a correlation between 
the presence of neurological symptoms and ICA kinking, 
while coiling was asymptomatic in all cases [13]. Ilic et 
al. (2011) described a case of transient ischemic attack 
in a patient with isolated kinking when turning their 
head [14]. According to the authors of national guide-
lines for the treatment of patients with brachiocephalic 
artery disease, 16% to 56% of patients with pathological 
deformities of the ICA suffer from a persistent or tran-
sient neurological deficit, regardless of the presence of 
atherosclerosis and hypertension. The natural course of 
ICA deformities, according to the same source, leads to 
the development of disorders of cerebral hemodynam-
ics. Thus, if the criteria for hemodynamic significance 
are met, the presence of tortuosity is an indication for 
surgery even in asymptomatic patients [1].

Nevertheless, there is a theory of an alternative 
mechanism for the development of deformities 
against the background of hypertensive macroangi-
opathy, in which the formation of arterial tortuos-
ity can be considered an adaptation mechanism that 
smooths out the rise in blood pressure; therefore, it 
does not require surgical correction. A total of 60% to 
85% have concomitant arterial hypertension [1]. In the 
study by Saba and Mallarini, the correlation between 
the degree of ICA stenosis and the presence of neuro-
logical symptoms was more significant than between 

Table 2. Distribution of identified cerebral perfusion deficits in patients with ICA tortuosity (n=23)

ICA Deformity and Stenosis Presence of Hypoperfusion 
Zones (n)

Total
(n)

Hemodynamic significant 
tortuosity

Without stenosis on the side of the tortuosity 5

11+Stenosis on the side of the tortuosity (min 50%) 3

+Stenosis of contralateral ICA 3

Hemodynamic non-significant 
tortuosity

Without stenosis on the side of the tortuosity 1

12+Stenosis on the side of the tortuosity (min 50%) 9

+Stenosis of contralateral ICA 2

ICA: Internal carotid artery.
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ICA kinking and neurological disorders, which is partly 
confirmed by the results of this study [13].

In our study, the number of hemodynamic significant 
tortuosity detected in combination with and without 
ICA stenosis was almost equal (14 and 16 cases, respec-
tively). Similarly, in the group of patients with hemody-
namic non-significant tortuosity, in 35 cases (45.5% of 
the group), ICA deformity was combined with stenosis, 
and in 53.2%, narrowing of the ICA lumen on the side 
of the tortuosity was not diagnosed. Considering an ar-
bitrary sample of patients by sex and age, the data do 
not allow us to judge with confidence the congenital or 
acquired nature of the occurrence of tortuosity.

To answer the question about the etiology and mech-
anism of the development of blood flow disorders in 
pathological deformities of the ICA, it is necessary to 
conduct a large randomized study, similar to those that 
helped determine the tactics of treatment in patients 
with stenosis and occlusion of the brachiocephalic arter-
ies. It is not the problem of etiology that is fundamental, 
but an accurate and comprehensive assessment of the 
hemodynamic significance of the revealed tortuosity, 
which allows, given the historical data, to determine the 
indications for surgery in each specific case. In the na-
tional guidelines for the management of patients with 
diseases of the brachiocephalic arteries, the criteria 
for the hemodynamic significance of ICA tortuosity are 
determined according to duplex scanning data and are 
based on an increase in the maximum linear blood flow 
velocity in the deformity zone and the presence of tur-
bulent blood flow in the ICA lumen [1]. 

According to Naylor et al. (2018), the indication for sur-
gery is also precisely the local hemodynamic significance, 
which is determined by ultrasound data (duplex scanning 
and transcranial Doppler sonography) [12]. Several au-
thors state the need for an additional assessment of dis-
orders of the functional state of the brain in tortuosity of 
the carotid arteries using neurophysiological techniques 
[1, 3]. The indication for surgery is also precisely the lo-
cal hemodynamic significance, which is determined by ul-
trasound data (duplex scanning and transcranial doppler 
sonography) [12]. Several authors state the need for an 
additional assessment of disorders of the functional state 
of the brain in tortuosity of the carotid arteries using neu-
rophysiological techniques [1, 3].

However, the hemodynamic significance of defor-
mities at the level of the extracranial part of the bra-
chiocephalic arteries depends on the local disturbance 
of blood flow at the level of tortuosity and on many 

intracranial factors that were not previously taken into 
account, and above all, on the state of cerebral auto-
regulation and the quality of the collateral blood flow of 
the brain, capable of compensating for changes in veloc-
ity and pressure in the lumen of the cervical ICA. Ultra-
sound methods, including transcranial dopplerography, 
can only give an indirect idea of the state of the collat-
eral blood flow of the brain; the data of these methods 
are less stable and reliable and depend on the qualifica-
tions of the operator and the characteristics of the pa-
tient’s anatomy. Thus, it would be more logical to study 
the effect of ICA deformities on cerebral microcircula-
tion using perfusion techniques, including CT perfusion.

The advantage of using CT perfusion in a multimodal 
CT study is the possibility of an independent assessment 
of the perfusion parameters of individual brain regions 
due to the presence of a direct relationship between 
the flow of contrasted blood into the vessel in the se-
lected region and the calculated perfusion parameters 
that do not require comparison with the opposite hemi-
sphere or healthy part of the brain, which is especially 
valuable in case of widespread atherosclerosis or steno-
sis of the opposite ICA. Combined use with CT angiogra-
phy provides information about the anatomical features 
of the carotid arteries. Conducting CT perfusion with a 
thickness of weakly 8 cm in the present study allowed 
us to assess peripheral blood flow disorders in almost 
the entire volume of the cerebral hemispheres, and sev-
eral studies with functional load revealed the state of 
the cerebrovascular reserve.

In the group of hemodynamically insignificant tortu-
osity (77 cases), the proportion of detected perfusion 
deficits was low (15.6%), and in almost all cases (91.7%), 
peripheral blood flow disturbances corresponded to the 
side and degree of ICA stenosis, the most extensive hy-
poperfusion zones were noted in patients with stenosis 
of more than 70%. Only in 1 case out of 12, a neuro-
logically insignificant perfusion deficit was detected in 
a patient with hemodynamically insignificant tortuosity.

On the contrary, in patients with hemodynamically sig-
nificant deformities of the ICA (kinking and coiling; 33 
cases), perfusion disorders were noted in 24.2% of cas-
es. However, only in 5 cases (15.1%) hypoperfusion was 
diagnosed in the territory of the tortuous ICA without 
arterial stenosis; in all these cases, the decrease in CBF 
with unchanged CBV corresponded to neurologically 
insignificant disorders compensated by collateral blood 
flow. The most profound perfusion disorders (CBF up to 
25–36 mL/100 g/min), corresponding to chronic cere-
bral ischemia and capable of influencing the develop-

Krylov VV, et al. Estimating Hemodynamic Significant Deformations of Brachiocephalic Arteries Using CT Perfusion. Iran J Neurosurg. 2023; 9:E7

https://irjns.org/


2023, Volume 9, No. 7

12

ment of neurological symptoms were found only in the 
combination of kinking and ICA stenosis of more than 
50% (3 cases, or 9% of the group). At the same time, in 3 
cases, narrowing of the opposite ICA by more than 50% 
caused no less severe perfusion disorders on the side of 
stenosis rather than tortuosity. Therefore, analyzing the 
data of both groups as a whole, it can be argued that 
only in 6 cases out of 110(5.5%), ICA deformities in the 
absence of arterial lumen narrowing were accompanied 
by impaired cerebral perfusion, in all cases compensat-
ed by collateral blood flow.

This statement is also consistent with the data of sta-
tistical analysis, showing a high correlation between the 
combination of tortuosity, ICA stenosis, and hypoperfu-
sion on the side of stenosis (P<0.003), and at the same 
time, the absence of a significant relationship between 
ICA tortuosity of any nature and cerebral perfusion dis-
orders on the side of tortuosity. Moreover, studies with 
functional load, albeit on a small number of observa-
tions, revealed the absence of perfusion deficits on the 
kinking side of the ICA and the presence of the “steal” 
syndrome only on the side of the occlusion of the ICA.

5. Conclusion

The obtained data of our study suggest that the cri-
teria for the hemodynamic significance of pathological 
deformities of the ICA should be revised, considering 
the new possibilities of radiological diagnosis in assess-
ing the effect of carotid artery tortuosity on cerebral 
hemodynamics. Decisions on surgical correction of ICA 
tortuosity without concomitant stenosis in each specific 
case should be made only by considering proven viola-
tions of autoregulation of cerebral blood flow, including 
in the presence of cerebral perfusion deficiency.
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